Abstract We investigated the association between circulating levels of 60 and 70 kDa heat-shock proteins (HSP60 and 70) and cardiovascular risk factors in postmenopausal women with or without metabolic syndrome (MetS). This crosssectional study included 311 Brazilian women (age ≥45 years with amenorrhea ≥12 months). Women showing three or more of the following diagnostic criteria were diagnosed with MetS: waist circumference (WC) ≥88 cm, blood pressure ≥130/ 85 mmHg, triglycerides ≥150 mg/dl, high-density lipoprotein (HDL) <50 mg/dl, and glucose ≥100 mg/dl. Clinical, anthropometric, and biochemical parameters were collected. HSP60, HSP70, antibodies to HSP60 and HSP70, and C-reactive protein (CRP) levels were measured in serum. Student's t test, Kruskal-Wallis test, chi-square test, and Pearson correlation were used for statistical analysis. Of the 311 women, 30.9 % (96/311) were diagnosed with MetS. These women were, on average, obese with abdominal fat deposition and had lower HDL values as well as higher triglycerides and glucose levels. Homeostasis model assessment-insulin resistant (HOMA-IR) test values in these women were compatible with insulin resistance (P <0.05). CRP and HSP60 concentrations were higher in women with MetS than in women without MetS (P <0.05). HSP60, anti-HSP70, and CRP concentrations increased with the number of features indicative of MetS (P < 0.05). There was a significant positive correlation between anti-HSP70 and WC, blood pressure and HOMA-IR, and between CRP and WC, blood pressure, glucose, HOMA-IR, and triglycerides (P <0.05). In postmenopausal women, serum HSP60 and anti-HSP70 concentrations increased with accumulating features of the metabolic syndrome. These results suggest a greater immune activation that is associated with cardiovascular risk in postmenopausal women with metabolic syndrome.
Introduction
The risk of cardiovascular disease (CVD), especially coronary heart disease (CHD), increases throughout life. CVD is the primary cause of death in women (Mosca et al. 2007) . It is the end result of a multifactorial process of progressive development, which involves various factors such as hypercholesterolemia, smoking, hypertension, diabetes, stress, sedentary lifestyle, and obesity (Kannel et al. 2004) . CHD is frequently fatal, but more than half of women with CHD do not present with early symptoms (Mosca et al. 2007) . Hence, the evaluation of risk factors in asymptomatic women who are predisposed to CHD is crucial for its prevention.
Metabolic syndrome (MetS) is a term that has been used to describe the clustering of several cardiometabolic disorders including abdominal obesity, hypertension, dyslipidemia, and hyperglycemia (Schneider et al. 2006) . Owing to the increasing prevalence of the characteristic features of the MetS, in particular obesity, the syndrome is now regarded as a significant public health problem (Zhang et al. 2008a) . Health statistics in the USA have shown a prevalence of 33 % among adults (Ford et al. 2004) . We observed a similar 39.6 % prevalence of MetS in postmenopausal women residing in southeastern Brazil (Nahas et al. 2009 ).
Visceral adipose tissue plays an important role in the accumulation of metabolic disorders and chronic inflammation related to MetS (Dandona et al. 2005; Sowers et al. 2007 ). Epidemiologic studies have revealed that the prevalence of MetS reaches its highest level in women above 60 years of age (Ford et al. 2004; Janssen et al. 2008) . The same trend has also been shown with regard to morbidity and mortality from CVD (Go et al. 2013) . As the criteria for MetS are also important cardiovascular risk factors, their occurrence in MetS is associated with a dramatic elevation of CVD risk (Lin et al. 2010; Mente et al. 2010) . Thus, the identification of risks factors for MetS in postmenopausal women will allow for earlier detection and intervention in this population.
Studies suggest the involvement of heat-shock proteins (HSPs) (Pockley et al. 2000; Xu et al. 2000; Shamaei-Tousi et al. 2007; Ellins et al. 2008; Zhang et al. 2008b ) and their antibodies (Prohászka et al. 2001; Kocsis et al. 2002; Herz et al. 2006) in the development of CVD. HSPs are molecular chaperones that under physiological conditions facilitate protein transport, folding, and assembly. The serum concentrations of two HSPs, the 60-kDa HSP (HSP60) and the 70-kDa HSP (HSP70), are greatly increased in response to nonphysiological conditions such as inflammation, infection, ischemia, and hyperthermia, and the presence of toxic metabolites (Calderwood et al. 2007; Lu and Kakkar 2010) . Inside the cell, these two HSPs prevent protein denaturation, eliminate terminally misfolded proteins, and prevent the induction of cell death by apoptosis (Gupta and Knowlton 2002) . Both HSP60 and HSP70 are also released from cells during stressful conditions and bind to surface receptors on immune and epithelial cells, triggering an immune-inflammatory response (Zanin-Zhorov et al. 2006) . Furthermore, HSP60 and HSP70 can also be detected in the serum of apparently healthy individuals (Dulin et al. 2010) .
Clinical studies regarding HSPs and CVD are controversial. HSP60 and anti-HSP60 antibodies have been shown to be increased in serum of CVD patients and correlated with the progression and severity of the disease (Pockley et al. 2000; Zhu et al. 2001; Xiao et al. 2005; Shamaei-Tousi et al. 2007; Ellins et al. 2008; Zhang et al. 2008b ). HSP60 is a potential molecular activator of the majority of cells involved in CHD, including vascular endothelial and smooth muscle cells and T and B lymphocytes, and is associated with both the development and worsening of atherosclerosis (Xu et al. 2000; Srivastava 2002; Zanin-Zhorov et al. 2006 ). Conversely, HSP70 was shown to protect against the development of CHD (Zhu et al. 2003) . This might involve a reduction in inflammation, oxidation, and apoptosis and an improvement in the viability of vascular smooth muscle cells (Bielecka-Dabrowa et al. 2009 ). In the study of Pockley et al. (2002) , high levels of anti-HSP70 antibodies have been positively correlated with CHD. Conversely, a decrease in antiHSP70 antibodies in CVD has been also been described (Herz et al. 2006; Dulin et al. 2010) .
Only three studies have evaluated an association between HSP60 and HSP70 and CVD risk in both male and female MetS patients (Ghayour-Mobarhan et al. 2005; Armutcu et al. 2008; Gruden et al. 2013) . There have been a lack of studies focusing solely on postmenopausal women, which are a highrisk population for CHD and MetS. The presence of HSP60 and HSP70 in postmenopausal women with MetS and their correlation with CVD risk is still obscure. Based on these considerations, the objective of the present study was to evaluate the association between serum HSP60 and HSP70 concentration and metabolic factors of cardiovascular risk in postmenopausal women with and without MetS.
Material and methods

Study population and design
This is a clinical, analytical, cross-sectional, and comparative study. The study population was postmenopausal women, aged 45-70 years, attending a public outpatient center in a university hospital in Southeastern Brazil from February 2011 to June 2012. Sample size estimation was based on the study by Ellins et al. (2008) who detected elevated serum HSP60 values in 27.4 % of participants. Considering this frequency, with a 5 % level of significance and a 10 % type II error (90 % test power), the need to evaluate at least 303 participants was estimated. Women whose last menstruation was at least 12 months prior to study initiation and age ≥45 years old were included. The exclusion criteria were (1) known high cardiovascular risk due to existing or preexisting CHD, cerebrovascular arterial disease, abdominal aortic stenosis or aneurysm, peripheral artery disease, and chronic kidney disease and (2) history of hepatitis B and C, acute infection, lower genital tract infection, chronic inflammatory or autoimmune diseases (ulcerative colitis, Crohn's disease, rheumatoid arthritis, lupus, etc.), cancer, and addiction to either alcohol or illicit drugs. Figure 1 describes the 311 women that were included. Informed consent was obtained from all participants and the study was approved by the Research Ethics Committee of Botucatu Medical School, Sao Paulo State University/UNESP.
Methodology
During the consultation, all subjects underwent individual interviews in which the following data were collected: age, time since menopause, current smoking, use of hormone therapy, personal history of hypertension, diabetes, and physical activity, as well as family history of CHD (acute myocardial infarction in 1st degree relative male aged <55 years and females aged <65 years). Blood pressure was measured using a standard aneroid sphygmomanometer on the right arm with patients in the sitting position, forearm resting at the level of the precordium, and the palm of the hand facing upwards, after a 5-min rest. Smokers were defined as persons who reported smoking regardless of the number of cigarettes smoked. Women who practiced aerobic physical exercise of moderate intensity for at least 30 min, five times a week (150/min/week) or resistance exercise three times a week were considered to be active. Women showing three or more of the following diagnostic criteria proposed by the US National Cholesterol Education Program/Adult Treatment Panel III (Adult Treatment Panel III 2001) were diagnosed as positive for MetS: waist circumference >88 cm, triglycerides ≥150 mg/dl, high-density lipoprotein (HDL) cholesterol <50 mg/dl, blood pressure ≥130/85 mmHg or under therapy, and fasting glucose ≥100 mg/dl or under therapy.
Assessment of cardiovascular risk
According to cardiovascular risk, study participants were allocated into three groups: high risk, intermediate risk, and low risk. Women with diabetes were considered to be at high cardiovascular risk. For women free of diabetes or known atherosclerotic disease, 10-year absolute risk of developing CHD was calculated based on the Framingham Risk Score (FRS), which includes age, total cholesterol, HDL, systolic blood pressure, and smoking status. Individual global scores were obtained by summing up the points for each risk factor. The points obtained were transcribed into a table including CHD relative risk and 10-year absolute risk (Wilson et al. 1998) . Risk was classified as low (score ≤19; 10-year risk <10 %), intermediate (score of 20-22; 10-year risk of 10-20 %), or high (score ≥23; 10-year risk >20 %). Diabetes was defined as fasting blood glucose >126 mg/dl and/or use of insulin or oral hypoglycemic agents (American Diabetes Association 2006).
Anthropometry
The anthropometric data included weight, height, body mass index (BMI=weight/height 2 ) and WC. Weight and height were determined with a standard balance beam scale (max. 150 kg, 0.1 kg accuracy) and portable wall anthropometer (0.1 cm accuracy), respectively, with patients wearing lightweight clothes and no shoes. BMI was classified according to the system used by the World Health Organization (2002): lower than 25 kg/m 2 was defined as normal, from 25 to 29.9 kg/m 2 as overweight, and above 30 kg/m 2 as obesity. Waist circumference was measured at the midpoint between the lowest rib and the top of the iliac crest. The patients were advised to remain in the orthostatic position and the reading was performed at the moment of exhalation. This measurement was performed by a single evaluator (Nahas, EAP) . Any WC exceeding 88 cm was considered elevated (Blümel et al. 2012) . 
Laboratory tests
Blood samples were collected from each subject, after 12 h of fasting. After centrifugation to remove the clot, samples underwent biochemical analysis immediately and a serum aliquot was frozen and kept at −80°C for the HSP determinations. Triglycerides (TG), total cholesterol (TC), HDL, glucose, and C-reactive protein (CRP) measurements were processed by an automated analyzer, Model Vitros 950®, by the colorimetric dry chemistry method (Johnson & Johnson®, Rochester, NY, USA). Low-density lipoprotein (LDL) cholesterol was calculated using the Friedewald formula in which total cholesterol is subtracted from the sum of HDL cholesterol and triglycerides, with the result being divided by five, which shows a usage limitation when TG values exceed 400 mg/dl. The values considered to be optimal were TC <200 mg/dl, HDL >50 mg/ dl, LDL <100 mg/dl, TG <150 mg/dl, glucose <100 mg/dL, and CRP <1.0 mg/dl. Insulin was quantified using Immulite System® (DPC®, USA), which uses a solid-phase chemiluminescence immune assay, and assessed in the designated automatic analyzer for the quantitative reading. The normality rate ranged from 6.0 to 27.0 μIU/ml. To evaluate insulin resistance (IR), we used a method that was based on statistical measurement of two plasma components (insulin and fasting glucose). Homeostasis model assessment-insulin resistant (HOMA-IR) was calculated using the formula: insulin mU/ml×fasting glucose mg/dl/405. IR was defined as HOMA-IR >2.7 (Geloneze et al. 2006) . Serum HSP60 and HSP70 and anti-HSP60 and anti-HSP70 antibodies Serum concentrations of HSP60, HSP70, anti-HSP60 IgG, and anti-HSP70 IgG antibodies were assessed by ELISA immunoassays kits (Assay Designs®, Stressgen, Ann Arbor, MI, USA) according to the manufacturers' instructions. Analytical sensitivity was as follows: HSP60=3.13 ng/ml, HSP70 = 0.09 ng/ml, anti-HSP60 = 2.88 ng/ml, and anti-HSP70=6.79 ng/ml. Intra-and inter-assay variation coefficients were lower than 10 %. All evaluations were performed by the same researcher (Orsatti CL), to minimize inter-assay variations.
Statistical analysis
Variables were registered in tables according to the presence or absence of MetS. Quantitative data were assessed for normality using the Kolmogorov-Smirnov tests. Values were expressed as means and standard deviation (SD) of the mean or, in the case of non-normally distributed data, as median and interquartile range. Data that were normally distributed were analyzed using the Student's t test or one-way analysis of variance (ANOVA). Data found to be non-normally distributed were analyzed using the nonparametric Kruskal-Wallis test. The frequencies of categorical data were compared using the chi-square test. A twosided P value of <0.05 was considered statistically significant. Bivariate correlations between the HSP and CRP concentration and possible cardiovascular risk factors and individual components of the MetS were performed using Pearson's rank correlation coefficients. Serum HSP60, HSP70, anti-HSP60, anti-HSP70, and CRP values were log transformed before using the Pearson correlation. The analyses were performed by using the Statistical Analyses System, version 9.2, by the Research Support Group (GAP) of the Botucatu Medical School, whose members provided methodological assistance and conducted the statistical procedures.
Results
In our study population, 30.9 % (96/311) of the women were positive for MetS. Table 1 shows the comparison between clinical and laboratorial characteristics of women with and . FRS percentage showed that both groups were classified as low risk for CHD; however, this was higher in women with MetS (P < 0.05) ( Table 1) . Women with MetS stated that they had lower exercise practice and higher incidence of acute myocardial infarction (AMI) in their family history when compared to the control group (7.7 vs. 22.3 % and 13.2 vs. 5.0 %, respectively; P <0.05). FRS revealed a higher frequency of women classified as low risk in the control group (89.8 %) when compared to women with MetS (55.2 %) (P <0.05). There were no differences in smoking status and the use of hormone replacement therapy (data not shown).
The comparison between immune-inflammatory markers in women with and without MetS is shown in Table 2 . Median CRP and HSP60 concentrations were higher in women with MetS when compared to the control group (P <0.05). There were no differences between groups in HSP70, anti-HSP60, and anti-HSP70 levels (Table 2) . Serum HSP60, CRP, and anti-HSP70 concentrations steadily increased in women exhibiting more features of the MetS (P <0.05) (Table 3) .
Correlations between serum CRP and HSP values with metabolic cardiovascular risk factors in postmenopausal women with or without MetS are shown in Table 4 . There was a positive correlation between HSP70 levels and age and time since menopause only in the control group. There was a positive correlation between anti-HSP70 levels and WC, arterial systolic and diastolic pressures, and HOMA-IR only in the MetS group. CRP levels were correlated with age, BMI, WC, arterial systolic and diastolic pressures, glucose, and HOMA-IR in the MetS group and with age, time since menopause, BMI, WC, arterial systolic pressure, glucose, and HOMA-IR in the control group (P <0.05) ( Table 4 ). There was no correlation with CRP, HSP70, and anti-HSP70 with other risk factors such as age at menopause, FRS%, and HDL (P > 0.05). Also, there were no correlations between HSP60 and anti-HSP60 and all the metabolic risk factors assessed.
Discussion
While the presence of MetS is associated with an increased risk of CHD, there is only limited evidence that the risk is greater than that conferred by each MetS component individually (Lin et al. 2010; Mente et al. 2010 ). In the current study, serum HSP60, anti-HSP70, and CRP concentrations increased in association with the number of MetS-associated factors present in individual women. These results suggest a greater immune activation, which is associated with cardiovascular risk in postmenopausal women with MetS. Our data indicate that anti-HSP70 antibody and CRP are associated with the classical cardiovascular risk factors.
In this study, a MetS occurrence of 30.9 % was identified in postmenopausal women seen at a public healthcare center. Although this finding may not extrapolate to the general population, it is in line with other studies. MetS prevalence in postmenopausal women has been reported to reach 35.1 % in Latin America women (not including Brazil) (Royer et al. 2007) , 33 % in the USA (Ford et al. 2004) , and 27.3 % in China (Ding et al. 2007 ). The prevalence of obesity, high blood pressure, and diabetes has increased among Brazilian women of different socioeconomic and cultural status (Piegas et al. 2003) . Thus, regardless of their ethnic origin, the prevalence of MetS is high in postmenopausal women (Janssen et al. 2008; Nahas et al. 2009; Blümel et al. 2012) . Despite the high incidence of MetS in our participants, the Framingham score risk assessment revealed a population at low absolute risk (<10 %) for development of coronary events in 10 years. This result is in agreement with other studies that specifically evaluated postmenopausal women and demonstrated them to be a population of low cardiovascular risk when assessed in isolation by FRS (Pelletier et al. 2009; Agrinier et al. 2010; Nahas et al. 2013) . It is recognized that menopause significantly changes the profile of cardiovascular risk (Pappa and Alevizaki 2012) . Hence, we have to be alert, as previously stated (Lakoski et al. 2007; Lambrinoudaki et al. 2013) , to the risk scores that are exclusively based on traditional risk factors, since they underestimate cardiovascular risk in postmenopausal women.
The dominant underlying risk factors for MetS appear to be abdominal obesity and insulin resistance (Dandona et al. 2005) . The biological mechanisms between IR and metabolic risk factors, at the molecular level, are not fully understood and appear to be complex. Most people with insulin resistance have abdominal obesity (Zhang et al. 2008a) . Obesity can be considered as a low-grade inflammatory condition (Gregor and Hotamisligil 2011) . Inflammation related to obesity may also be connected to the increased risk of CHD among obese persons (Musaad and Haynes 2007; Wildman et al. 2011 ). Increased fat cell mass (i.e., obesity) is associated with higher levels of CRP in postmenopausal women (Piché et al. 2005; Barinas-Mitchell et al. 2001) . It has been suggested that the increase in abdominal adipose tissue deposition observed at menopause represents an important source of cytokine production, which would in turn stimulate hepatic CRP production (Piché et al. 2005 ). The present study found a strong relationship between CRP, adiposity index, and IR in patients with MetS. This result is compatible with a mechanism whereby inflammation induces IR (Gregor and Hotamisligil 2011) , thus leading to clinical and biochemical manifestations of MetS (Lann and LeRoith 2007) .
In line with previous studies (Ghayour-Mobarhan et al. 2005; Nahas et al. 2009; Wildman et al. 2011; Belfki et al. 2012) , we found that CRP concentrations rose with an increase in the number of features of MetS. These other investigators have also reported a positive correlation between CRP and fasting glucose, HOMA-IR, triglycerides, and blood pressure and a negative correlation with HDL cholesterol. CRP is an inflammatory biomarker whose levels are higher in postmenopausal women (Ridker et al. 2000; Wildman et al. 2011 ).
CRP concentration is associated with traditional CVD risk factors and is being considered as an emerging CVD risk factor (Young et al. 2013) . It is also a predictive factor for AMI, stroke, and sudden death (Ghayour-Mobarhan et al. 2007 ). Hence, a simple CRP concentration measurement should be performed during an evaluation of cardiovascular risk in postmenopausal women with MetS.
Several common characteristics of CVD risk and MetS such as hypertension, diabetes, and hyperlipidemia have been associated with increased levels of some HSPs (Pockley et al. 2002; Ghayour-Mobarhan et al. 2005 Shamaei-Tousi et al. 2007 ). In the current study, serum HSP60 and anti-HSP70 concentrations rose with accumulating features of the MetS, although this was not the case for HSP70 and anti-HSP60. The underlying cellular mechanisms of anti-HSP70 antibody rise in patients with accumulating features of MetS remain elusive. However, it is likely to reflect a relatively greater exposure to extracellular HSP70, possibly triggered by MetS-associated oxidative stress (Armutcu et al. 2008 , Gruden et al. 2013 , which is a known inducer of extracellular HSP70 release (Zhang et al. 2010) . This is in agreement with Chung et al. (2008) who observed in obese patients with type 2 diabetes reduced HSP70 expression in insulin-sensitive tissues and linked this downregulation to the pathogenesis of insulin resistance. It has been suggested that HSP70 is an integral component of a cycle that, when induced, results in the development of DM (Hooper and Hooper, 2009 ). The cycle operates as follows: (a) induction of inflammation promotes development of insulin resistance; (b) impaired insulin signaling leads to a reduced ability to express HSP70; (c) this results in decreased ability of HSP70 to protect cells and enhance survival under nonphysiological conditions; and (d) the resulting cell damage leads to increased tissue damage, including to pancreatic islet cells, and a further induction of pro-inflammatory immunity (Hooper and Hooper, 2009) .
However, data regarding the levels of HSP60 and HSP70 or their corresponding antibodies in patients with MetS are scarce. Ghayour-Mobarhan et al. (2005) evaluated 237 patients with dyslipidemia and other features of MetS (60 % males, 55.2±0.9 years) and 135 healthy controls participants (50 % males, 48.9±1.3 years). Compared to the controls, the patients had higher anti-HSP60 and anti-HSP70 levels and elevated CRP concentrations. In a clinical case-control study, Armutcu et al. (2008) observed a decrease in HSP70 levels, which was associated with an increase in CRP in 36 MetS patients of both genders when compared to 33 healthy control participants. Gruden et al. (2013) , in a cross-sectional casecontrol study, evaluated 180 patients (61 % males, 60.9± 8.6 years) with MetS without CVD as well as 136 controls (53.5 % males, 54.6±6.5 years). They found that anti-HSP70 antibody levels were significantly higher in MetS patients than in control, regardless of age or gender. Excess body weight was likely a major determinant of this rise in anti-HSP70 antibody levels (Gruden et al. 2013) . However, there are no reported data concerning circulating HSP60 and HSP70 or their corresponding antibody levels in postmenopausal women with MetS.
In the current study, significantly higher serum HSP60 concentrations were found in subjects with MetS, and anti-HSP70 levels were found to be positively correlated with WC, blood pressure, and HOMA-IR, which are risk factors for CVD and MetS. Our study is in agreement with previous studies that have shown an association between circulating anti-HSP70 antibody levels and single parameters of the MetS, such as hypertension, obesity, and dyslipidemia (Pockley et al. 2002; Ghayour-Mobarhan et al. 2007 ). Ghayour-Mobarhan et al. (2007) have investigated the association between obesity indices and HSP antibody titers in 170 healthy participants. Obese patients had significantly higher plasma anti-HSP60, anti-HSP65, and anti-HSP70 concentrations when compared to overweight and normal weight subjects. The high antibody titers to HSP60, HSP65, and HSP70 in obese subjects without established coronary disease may be related to a heightened state of immunoactivation associated with obesity (Ghayour-Mobarhan et al. 2007 ). On the other hand, Dulin et al. (2010) reported decreases in serum HSP70 and anti-HSP70 levels in patients with established CVD. This could be explained by circulating immune complex formation and both could be proposed as a biomarker for the progression of atherosclerotic disease (Dulin et al. 2010) . Similar results were shown by Zhang et al. (2010) in patients with CHD. These discrepant results might be related to both different patient profiles and different inclusion criteria. In the present study, we have purposely selected patients with MetS, without known CVD. However, the clinical significance of such increased anti-HSP levels is yet to be clarified.
Our results collaborate earlier studies (Snoeckx et al. 2001; Zhang et al. 2008b) in which there was no correlation between CRP and both HSP60 and HSP70 levels. These data suggest that CRP and HSPs might influence or reflect the risk of CVD through different mechanisms. A control case study of 1,003 patients (40-79 years old) with established CHD and 1,003 healthy controls showed that the average value for HSP60 was higher in CHD patients. However, there was no significant association between HSP60 with CHD risk factors such as gender, smoking, weight, dyslipidemia, hypertension, and CRP values (Zhang et al. 2008b) . Another study of 456 Spanish patients (218 men and 234 women, 40-60 years old) also did not show a correlation between plasma concentrations of HSP70, anti-HSP70, and anti-HSP60 and classical cardiovascular risk factors or CRP values (Dulin et al. 2010) .
It is generally accepted that expression of HSPs is an early and sensitive biomarker of cell stress. These proteins have a critical role in maintaining cells in a normal homeostatic state and facilitating their recovery from adverse stress (Snoeckx et al. 2001 ). HSP60 and HSP70 expressions have been evaluated in relation to many clinical conditions, including hypertension and atherosclerosis (Pockley et al. 2002; Ellins et al. 2008) . However, the mechanism related to a change in HSP60 and HSP70 concentrations and levels of their antibodies in MetS had not previously been determined in postmenopausal women. In the present study, we observed a strong association between individual coronary risk factors and accumulating features of MetS with HSP60 and anti-HSP70 concentrations in postmenopausal women with MetS. Further studies are required to determine causal relationships and elucidate underlying mechanisms for this association.
There are certain limitations to a cross-sectional study. It restricts our ability to assess temporal relationships between HSPs and their antibody levels and MetS and to identify causal biological mechanisms underlying this association. Secondly, the presence of CHD was assessed based on clinical data, and therefore, we cannot exclude the possibility that some CHD patients might have been erroneously included. On the other hand, there is no previous data on HSP60 and HSP70 and their antibodies and MetS in postmenopausal women. Therefore, this study might be used as a reasonable starting point to approach this issue.
In conclusion, in postmenopausal women, serum HSP60 and anti-HSP70 concentrations increased with accumulating features of the MetS. There was a correlation between serum anti-HSP70 values and metabolic factors of cardiovascular risk. These results suggest a greater immune activation that is associated with cardiovascular risk in postmenopausal women with metabolic syndrome.
